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1. Introduction
In thennodynamics, the condition o f thermodynamic equilib­
rium and the stability o f the equilibrium state is based on 
some extreme principles or on the extreme values o f some 
thermodynamic potentials. For example, we have the principle 
of maximum-entropy, the principle of minimum c n c i^  or free- 
energy etc. In statistical thermodynamics, Boltzmann entropy 
is defined to be proportional to the logaritlim o f the total 
number o f microstates (or complexions) or themiodynamic 
probability. In statistical thermodynamics, the thermodynamic 
equilibrium which is obtained by maximising the Boltzmann 
entropy or equivalently the tliermodynamic probability is 
identified, according to Boltzmann and Planck, to the most- 
probable state o f the system. However, thermodynamic prob­
ability is not a probability, it is an integer. So the identifica­
tion o f thermodynamic equilibrium with the most probable 
state, in the sense o f  Boltzmann and Planck is not proper, 
it leads to some confusions [1].
The object o f  the present paper is to remove this 
misconception by introducing probability proper by for the 
macroscopic state o f a multi-component system and defining 
thermodynamic equilibrium as the state obtained by maximising
the probability subject to the given constraints. As an 
application, wc have derived the condition of chemical equi­
librium, the law of mass action and the condition of chemical 
stability of the multi-component system.
2, Multi-component system : statistical model and prob­
ability distribution
Let us consider an open multi-component system comprising 
o f ri chemically reacting components (substances or spe­
cies). Let N, (/ == 1, 2..... n) be the number o f molecules of
the 7-th component. I'hc system is assumed to be at uniform 
temperature T and constant volume V, It is assumed that tlie 
reactions proceed sufficiently slowly a,s not to disturb seri­
ously the equilibrium energy distribution o f each component 
to any appreciable extent [2J. We also assume ideal gas (or 
mixture) model o f the system obeying classical statistics.
The microscopic state o f the system at any time t is
given by the set of tlie molecules ^ {A'l, ^ 2 ..... Mil In
view o f the many-body aspect o f the system, the molecular 
numbers {N\, Ni, ...» assumed to be random vari­
ables and we are to find out the probability distribution o f 
N, ('/ = 1, 2, ....«). Let P (N,) be the probability distribution
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of (/ ‘ 1 ,2 ..... n). I'hen the entropy of the /-th component
(or species) is given by the generalised Boltzmann-Gibbs 
entropy [3]
S A P / m ) ^ - y  ■
' W{N,) (2.1)
\vhere (he summation is over all possible values o f 7V„ 
IS some measurable function o f Ni defined on N, ~ 
space and constitutes the prior information about yV,. This 
measure, according to classical statistics, is given by [4,5].
(2.2)
The main problem o f the statistical model is to estimate the 
probability distribution P{Ni) on the basis o f  some 
information or data available. Let the available information 
constitutes the average values :
(2.3)
w,i
The oplimization yields the I’oisson distribution 
exp (-  A^ i )(yy, Y'
(2.4)
P{N^) = - (2.5)
determining the law o f probability o f the molecular numbers
N,. The probability distribution o f A„ -  {N\, ......  ^n}
according to the ideal gas (or mixture) model o f  the 
system, is given by
or
/-xl
\nP{A„)=\nP(N^,N2,..J^„)
I.-!
N i-N i-N i  In
Ni (2.6)
Let us now find the therm odynam ic significance o f  the 
right handside o f  (2.6). Let (_z be the internal eneigy, S the 
entropy, T be the temperature and V be the volume o f  the
system. Then by Gibbs' relation, the change o f  entropy ds 
is given by [7] :
dS = - c / u  + - d P - yr  T T/I (2.7)
where n, is the chemical potential o f  the Mh component 
The volume V and temperature T being assumed fixed, we 
have
d f  = d u -  TdS=-y^,dN,,
(2 .8 )
where F = d u  -  7\S is the free-cnergy o f  the system. 
For the ideal gas model o f the system, we have [8]
//,. = A -n n .^ ,
N. (2.9)
w here the average N ,(i- \ ,2 ..... j?) is the sta tistical
equilibrium values o f Nt .Putting this value o f  //, in (2.8), 
we have
The probability distribution P{N,) can then be estimated 
by the pnnciple o f maximum-entropy [6] which consists o f  
maximization o f the entropy (2.1) with W(Ni) given by (2.2) 
subject to the conditions (2.3) and the normalization 
condition :
d f  = k T - y  In-^!-dN,. 
^  N, ' ( 2. 10)
Integrating from the stationary equilibrium state {
A^2........ I to the  n o r i-s ta tio n a ry  s ta te
Nj . }, we have
P - P s i - k T - ^ y \ N , - N , - N ,  In
N,
(2.111
which is the expression o f  free-energy (except an additive 
constant F,,) o f the system in terms o f the molecular
numbers { A , , A 2 ...... A„ } o f the different component of
species. From eqs. (2.6) and (2.11), we can write the 
probability distribution o f  the m acrostate A„ ~ { A j , 
A . ...... yv„ } as
P{A„) -  A , , A 2 . . A„ }.Qc e (2.12)
wich is well-known result in statistical mechanics [9] and 
here wc have obtained it in an ingenious way in dealing 
with m ulti-component thermodynamic system.
3. Multi component system : chemical equilibrium and 
stability
Let the chemical reaction that occur among the different 
components be represented by the equation
(3.1)
iW
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where U( (/ -  1, 2,........n) are the stochioiiietric coefficients
and Bi (/ =  1, 2 ........... n) arc the chemical symbols o f the
different substances or components. The molecular number 
can change as a result o f  chemical reaction but cannot 
change arbitarily. They change according to the chemical 
cq. (3.1). This requires [10]
dN,.. XUi ( / = 1,2 ........... «), (3.JJ)
where A is a constant o f  proportionality. According p  
Boltzmann and Planck, therm odynam ic equilibrium s ta ^  
corresponds to the most probable state o f  the sy s te |i 
subject to given conditions or constants. This requires til* 
maximum value o f  the probability o f  the state P(A„) ifr 
equivalently
41n  P(A„)] = 0 (3.3)
subjected to constraints (3.2). This leads to the equation
7T A/, ^
N,
(3.3)
number of molecules {/V;, A/>......... prescnl and depend
only on temperature T and volume the system, is
called the equilibrium constant. 'Phe relation (3.7) expressing 
the relationship among the number ot molecules o f the 
different components or species present in chemical 
equilibrium is known as the law o f mass action [10].
Let us now investigate the criteria o f stability o f the 
chemical equilibrium state on the basis o f the most probable 
intciprelation o f the thermodynamic equilibrium state, 'fhe 
condition (3.3) is not sufficient for equilibrium and stability 
o f the system. It must be assumed that tlie maximum of 
P(An) or equivalently In r{A) is attained. So the criteria o f 
thermodynamic equilibrium and stability o f the system 
should be staled as
f^[ln P(A,^  ) = 0=> crietionof Hquiiibrium,] (3.8)
" [in P{A,j) < 0 crietionof Stability] (3.*^ )
Now using (2.0) and (3.4), we have
For ideal gas model o f  the system for which the chemical 
potential //, is given by (2.9), the condition (3.3) reduces 
to
/n
I / N,
d N,
(3.4)
From eqs. (2.11) and (3.3), the frcc-cncrgy change in the 
reaction is given by
w r T
d f  = -K T J^u, [in Ni -  In N, \
--dF.+A -f^u,lnyV , ,
where dB\ -  K T ^ o ,  In N,
i^ l
(3.5)
(3.6)
is a quantity (called standard frec-energy change o f  the 
reaction) depending on T and F, not on the numbers
........ Nn) o f  molecules pre' mt. The equilibrium condition
(3.3) then leads to
^  In ..... TV"” ) = -
las/
dF\
kT
or .......AT"” = K n iT ,V )
= e ........N""-
The quantity Kf, (T, V) which is independent o f the
f'-SH rW.
(’ I p,
PN, [ T,
U'iN.dN, (3.10)
So the condition o f thcnnodynaniic stability becomes
- y y |  , dN,('>N,<o (3.11)
which is the condition o f stability o f an equilibrium state 
when llucluation in the molecular numbers are considered 
[7]. in fact, this condition is general and can be applied to 
fluctuation due to chemical reaction as well.
Assuming the fluctuation
SN, (3.12)
in which Uji are the stochiometric coefficients for several 
chemical reactions {k ~ I, 2) with 4  degrees o f
advancement o f the reactions, we can reduce the inequality 
(3.11) to thei condition o f stability o f  several chemical 
reactions as [7].
I Z
« J
 ^dA 1^  < 0 (3.13)
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where
(3.14)
are the affinities. Thus, a system that is stable to diffusion 
is also stable to chemical reactions. This is well-known 
Duhem-Jougheut theorem [11].
4. Conclusion
The paper is an extension of an earlier work [12] which 
deals with a clo.scd multi-component system. It is an 
attempt on the formulation of a statistical theory of 
thermodynamic equilibrium by maximising the probability 
distribution of the macroscopic slate, not by maximising 
the thermodynamic probablility as is usually done. The 
maximisation of probability distribution subject to the given 
constraints, corresponds to the most probable state and 
thermodynamically this has been shown to be equivalent 
to the thermodynamic equilibrium state by minimising the 
free-energy of the system. The above method has been 
successfully and elegantly applied to a chemically reacting 
multi-component system to determine the condition of 
chemical cqulibrium, the law of mass action and the criteria 
of chcmicalstability of the system.
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